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ABSTRACT 



A microcomputer system with video display capability, 
part cularly suited for small business applications and 
home use is described. The CPU performance is en- 
hanced by permitting zero page data to be stored 
throughout the memory. The circuitry permitting this 
capability also provides a pointer for improved direct 
memory access. Through unique circuitry resembling 
"bank switching" improved memory mapping is ob- 
tained. 4-bit digital signals are converted to an AC 
chroma signal and a separate luminance signal for dis- 
play modes. Display modes include high resolution 
modes, one of which displays 80 characters per line. 

11 Qaims, 9 Drawing Figures 
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The memory of the invented computer is organized 

COMPUTER WITH COLOR DISPLAY in an unusual manner to provide compatibility with the 

8-bit data bus and yet provide high data rates (16- 

This is a continuation of application Ser. No. 394,801 bits/MHz) needed for high resolution displays. A first 

filed July 2, 1982. now abandoned, which is a divisional 5 plurality of memory devices are connected to a first 

of application Ser. No. 150,630 filed May 16, 1980, now memory output bus; these memory devices are also 

U S Pat. No. 4,383,296. connected to the data bus. The memory includes a sec- 
ond plurality of memory devices which are also con- 

BACKGROUND OF THE INVENTION nected to the dau bus; however, the outputs of these 

The invention relates to the field of digital computers, 10 second devices are coupled to a second output memory 

particularly microcomputers, having video display ca- bus. First switching means permit the first and second 

Dabilities memory buses to be connected to the display for high 

^ d.^ta rate transfers. Second switching means permit 

Prior Art either one of the memory buses to be connected to the 

In the last few years, there has been rapid growth in 15 data bus during non-display modes, 

the use of digital computers in homes by hobbyists, for The addressing capability of the memory s greatly 

small business and for routine engineering and scientific enhanced not only through bank ^^^^^^^m^^^ 

application. For the most part. These needs have been « novel remapping which does "°^.^«J";^V^^^^^^ 

. .u \r « fo: o^ \.^Ufi^^u, ;«*.-r»v.ncJv*» mi contrcl associated with bank switching. In effect, the 

met with self-contained, ^^^^^»^^^y »""P^"J^^ ."^^^^ "unused" bits from one of the first and second memory 

crocomputers or microprocessors >^th essential penph- remapping purposes. This mode of 

erals. including disc dnves ^^^^^J'"^^^^^^^ operation is particulariy useful foT providing toggling 

manage computer programs. The design of computers ^^^^^^ two separate portions of the memory, 

for these needs requires considerable ingenuity since ^^ subsystem of the described computer 

each computer must meet a wide range of applications ^^ ^^^.^^^^ ^-^^^ ^^j^r signal in a unique manner. A 4-bit 

and because this market is particularly cost conscious. ^^^^^ ^^^ ^ ^^^^ .^ ^^^ ^^.^^ ^^^ .^ ^j^ ^^^ ^-^l^ ^^^ 

A home or small business computer must, for exam- ^^^^^ display subsystem. However, this code is used 

pie. operate with a number of different program Ian- ^^ generate an AC chrominance signal and a separate 

guages, including those requmng relatively large mem- j^^ luminance signal. This provides enhanced color 

ories. such as Pascal. The computer should interface ^^ capability over similar prior art color displays, 
with a standard raster scanned display and provide a 

wide range of display capabilities, such as high density BRIEF DESCRIPTION OF THE DRAWINGS 

alpha-numeric character displays needed for word pro- pjQ j -^ ^ ^jj^^k diagram showing the major compo- 

cessing in addition to high resolution graphics displays. ^^^^^^ ^^^^ subsystems of the invented and described 

To meet these specialized computer needs, generally 35 microcomputer system, 

requires that a relatively inexpensive microprocessor be . FIGS. 2 and 3 together show the central processing 

used and that the capability of the processor be en- ^^jj (CPU) and the architecture associated with this 

hanced through circuit techniques. This reduces the CPU, particularly the address bus and data bus. FIG. 2 

overall cost of the computer by reducing, for example, jj ^ circuit diagram primarily showing the address bus 

power needs, bus structures, etc. Another important 40 and the logic means associated with this bus. FIG. 3 is 

consideration is that the new computers be capable of ^ circuit diagram primarily showing the data bus and its 

using programs developed for earlier models. interconnection with the memory buses (A bus and B 

As will be seen, the presently described microcom- 5^5), bootstrap read-only memory, and input/output 

puter is ideally suited for home and small business appli- ports. 

cations. It provides a wide range of capabilities includ- 45 FIGS. 4, 5 and 6 show the memory subsystem. FIG. 

ing advanced display capabilities not found in compara- 4 is a circuit diagram primarily showing the circuitry 

ble prior art computers. for selecting between address signals from the address 

The closest prior art computer known to applicant is bus and display counter signals. FIG. 5 is a circuit dia- 

commercially available under the trademark, Apple-II. gram primarily showing the generation of various "se- 

Portions of that computer are described in U.S. Pat. No. 50 lect" signals for the memory devices. FIG. 6 is a circuit 

4, 1 36,359. diagram showing the organization of the random-access 

,^„ r^^^,^.., memory and its interconnection with the data bus and 

SUMMARY OF THE INVENTION ^^^^^ ^^^^^^ ^^^ 

A digital computer which includes a central process- FIGS. 7 and 8 illustrate the display subsystem of the 

ing unit (CPU) and a random-access memory (RAM) 55 invented computer. FIG. 7 is a ciicait diagram showing 

with interconnecting address bus and data bus is de- the circuitry for generating the digital signals used for 

scribed. One aspect of the present invention involves the video display. FIG. 8 is a circuit diagram of the 

the increased capability of the CPU by allowing base circuitry used to convert the digital signals to analog 

page or zero page data to be stored throughout the video signals. 

memory. Alternate stack locations and an improved 60 FIG. 9 is a graph of several waveforms used to de- 
direct memory access capability are also provided by scribe a prior art circuit and the circuit of FIG. 8. 
the same circuitry. Detection means are used for detect- DETAILED DESCRIPTION OF THE 
ing a predetermined address range such as the zero INVENTION 
page. This detection means causes a special register 

(Z-register) to be coupled into the address bus. The 65 A microcomputer system capable of driving a raster 

contents of this Z-register provide, for example, a scanned video display is disclosed. In the following 

pointer during direct memory access, or alternate stack description, numerous specific details such as specific 

locations for storing data normally stored on page one. part numbers, clock rates, etc., are set forth to provide 
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a thorough understanding of the present invention. 
However, it will be obvious to one skilled in the art that 
the inventive concepts described in this patent may be 
practiced without these specific details. In other in- 
stances, well-known circuits have been shown in block 
diagram form in order not to obscure the present inven- 
tion in unneces^ry detail. 

Referring first to FIG. 1, in general the described 
computer includes a central processing unit (CPU) 65, 
its associated data bus 42, address bus 46 a memory 
subsystem and a display subsystem 58. 

The address bus 46 from the CPU is coupled to the 
memory subsystem to permit the selection of locations 
in memory. Some of the address signals pass through a 
multiplexer 47. For some modes of operation, signals 
from a register 52 are coupled through the multiplexer 
47 onto the bus 46. The register 52 is identified as the 
Z-register and is coupled to the multiplexer 47 by the Z 
bus. The general description of the multiplexer 47 and 
its control by the logic circuit 41 are described in detail 
in conjunction with FIG. 2. In general, the circuitry 
shown to the left of the dotted line 53 is included in 
FIG. 2 while the CPU 65, memory 50, data bus 42 and 
multiplexer 43 are shown in detail in FIG. 3. 

The address bus Nl is coupled to the read-only mem- 
ory 50. The output of this memory is coupled to the 
computer's data bus 42. The read-only memory (ROM) 
50, as will be described, stores test routines, and other 
data of a general bootstrap nature for system initializa- 
tion. 

The data bus 42 couples data to the random-access 
memory (RAM) 60 and to and from I/O ports. This bus 
also couples data to the Z-register 52 and other com- 
monly used registers not illustrated. The data bus 42 
receives data from the R.A.M 60 throu'^^h the .A. bus and 
B bus which are selected by multiplexer 43. The periph- 
eral bus N2 is used, as is better illustrated in FIG. 3, for 
coupling to peripherals. 

The memory subsystem is shown in detail in FIGS. 4, 
5 and 6. The address control means which receives 
addresses on bus 46, makes the final selection of mem- 
ory locations within the RAM 60. Bank switching, 
addressing for display purposes, scrolling and other 
memory mapping is controlled by the address control 
means 59 as will be described in greater detail in con- 45 
junction with FIGS. 4 and 5. The RAM 60 is shown in 
detail in FIG. 6. The counter 58 which is sychronized 
with the horizontal and vertical display signals, pro- 
vides signals both to the address control means 59 and 
to the display subsystem 48. 

The display subsystem receives data from the RAM 
60 on the A bus and B bus and converts these digital 
signals to video signals which control a standard raster 
scanned display. A standard NTSC color signal is gen- 
erated on line 197 and a black and white video signal on 55 
line 198. The same signals used to generate these video 
signals can be used to generate separate red, green, blue 
(RGB) video signals. The display subsystem 48 receives 
numerous timing signals including the standard color 
reference signal shown as 3.5 MHz (C3.5M). This sub- 60 
system is described in detail in FIGS. 7 and 8. 



COMPUTER ARCHITECTURE 

In the presendy preferred embodiment, the CPU 65 
(microprocessor) employed with the described com- 
puter is a commercially available component, the 
6502A. This 8-bit processor (8-bit data bus) which has a 
16-bit address bus is shown in FIG. 3 with its intercon- 



nections to the remainder of the computer. The pin 
number for each interconnection is shown adjacent to 
the corresponding line. In many cases, the nomencla- 
ture associated with the 6502A (CPU 65) is used in this 
application. For exa mple, pin 6 receives the nonmaska- 
ble interrupt signal (NMI), and pin 4 is coupled to re- 
ceive the interrupt request signal (IRQ). Some of the 
signals employed with the CPU 65, which are well- 
known in the art, and which are not necessary for the 
understanding of the present invention are not de- 
scribed in detail in this application, such as the various 
synchronization signals and clocking signals. The ad- 
dress signals from the CPU 65 are identified as A0-A7 
and Ag-Ais- The data signals associated with the CPU 
65 are shown as Do-D?. As will be apparent to one 
skilled in the art, the inventive concepts described in 
this application may be employed with other micro- 
processors. 

Referring now to FIGS. 2 and 3, the general architec- 
ture, particularly the architecture associated with the 
CPU 65 can best be seen. The address signals A0-A7 are 
coupled to a buffer 103 by the bus shown primarily in 
FIG. 2. These address signals are also coupled to the 
ROM 50. The signals A0-A7 after passing through the 
buffer 103 are coupled to the memory subsystem. The 
address signals Ag-Ais (higher order address bits) are 
coupled through lines shown in FIG. 2 to the multiplex- 
ers 47j and 47^. The contents of the Z-register 52 of 
FIG. 1 is also connected to the multiplexers AHa and 47^ 
through the Z-bus (Z1-Z7). The multiplexers 47 j and 
476 allow the selection of either the signals As- A 15 
from the CPU 65 or the contents of the Z-register 
(Zi 'Z7) for addressing the RAM 60. The output of 
,^ these multiplexers are shown as Ag-Ais; this designa- 
tion is used even when the Z-bus is selected. Note in the 
case of the Zo signal, this signal is coupled to the multi- 
plexer 47a through the exclusive OR gate 90 for reasons 
which are explained later. The address signals Ag-An 
40 are also coupled to the ROM 50, thus the signals 
Ao-An are used for addressing the ROM 50. The sig- 
nals Ag-Ais are connected to the logic circuit shown in 
the lower left-hand comer of FIG. 2; this logic circuit 
corresponds to the logic circuit 41 of FIG. 1. 

The input and output data signals from the CPU 65 
are coupled by a bidirectional bus to the bidirectional 
buffer 99 (FIG. 3). This buffer is selectively disabled by 
gate 100 to allow the output of ROM 50 to be communi- 
cated to CPU 65 and during other times not pertinent to 
50 the present discussion. The direction of flow through 
the buffer 99 is controlled by a read/write signal cou- 
pled to the buffer through inverter 101. Data from the 
CPU 65 is coupled through the buffer 99 and bus 42 to 
the RAM 60 or to I/O ports. Data from the RAM 60 is 
communicated to CPU 65 or bus N2 from the A bus and 
B bus through the buffer 99. The 4 lines of the A bus and 
4 lines of the B bus are coupled to the multiplexer 43fl. 
Similarly, the other 4 lines of the A and B buses are 
coupled to the multiplexer 43& Multiplexers 43t2 and 
436 select the 8 lines of the A bus or B bus and commu- 
nicate the data through to buffer 99 and bus 42. These 
multiplexers are selectively disabled (for example, dur- 
ing writing) by gate 102. As will be described later, the 
16 lines of the A bus and B bus permits the reading of 
65 16-bits from the RAM at one time. This provides a data 
rate of 16-bits/MHz which is necessary, for example, 
for an 80 character per line display. The data is loaded 
into the RAM 60, 8-bits at a time. 
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The ROM 50, as mentioned, stores test programs, Next assume that page one has been selected by the 

data needed to initialize various registers, character CPU and that theALTSlK signal ,s low .nd.catmg 

generation data (for RAM 162 of FIG. 7) and other the alternate stack »^^»»«"f^^^^^^°^^^ ff„ <;^ "^^ if 

related data. Specific programs employed in the pres- set b y the CPU to change the ALT STK signal). Smce 

"nUy preferred%mbodimfnt of the^omputer are se^ 5 ^he ATH^ stgnalts ow and A^^^^^^^^ 

forth in Table 1 of U.S. Pat. No. 4.383,296. The ROM . put occurs from the gate 81. All the mputs to gat« 83 

50 s Elected by control signals coupled to it s pins 18 and 84 are low. therfore. high outputs occur from both 

and 20 Identified as signals ROM SEL and T^M these gates. The conditions of gate 87 are met. causmg 

^ AnTone^f a plurality of commercially available a high output from this gate and lowering the output 

aci-. Any onc-ui a piuiauy w j ^^ ^^^^ ^^ ^^^^ selected by the 

readK>nly nriemones may ^^f "^.^^^^^^^^^^ multiplexers 47a and 41b. This allows the contents of 

the pre^ntly P^^S^'^^„^"»^^^^^^ commercially ^^^ ^P ^^ ^ ^^^^ ^ ^^^^^^^^ ^^^^^^^ ^^^^ 

available Part No. SY2333 is used. ^ ^^^^^^ ^ j^^^^^i ^^ T^^ 

Referring now to this »ogic circuit Oower lef^^^^^^ ^^^^ J.^ ^^ ^^^^ ^ ^ ^,^^^.^^ .^^^^^^^ ,, ^^ 

comer of FIG 2), the NAND gate 81 receives the j^ j^jj, ^„^ ^^ j^ i^^^^^n Ag at the output of the multi- 

address signal A^^also the f ^*^^";f;^^f ^^^^^^^ piexfr 47a will be low. Note that during zero page 

identified as ALT STK. The output of this gate pro. P^^^^^.^^ ^^^ ^^ .^ ,^^ ^^^ ^^.^^^^ .^ ^.^^^^,y ^^^. 

vides one input to the AND gate 87. The Ag signal is j ^^^ ^^ y^ ^^ 90 to the output of multiplexer 

also coupled through the inverter 82 to one input termi- mimic^icu i 56 f y 

nal of the NAND gates 85 and 86. The address sign^s ^^ ^^^ ^^^ ^^^^^ ^j^^^ ^-^^ ^j^^ ALT STK 

A9 and Aio are coupled to the input terminals of the ^ ^jj^^^ alternate stack locations to be selected 

NOR gate 83. The output of this gate is coupled to one ji^^ough the Z-bus. This further enhances the perfor- 

input terminal of the NAND gates 85 and 86 and the ^^^^^ ^^^^^ ^p^ ^^^^y^ ^quJ^ otherwise be limited to 

AND gate 87. The address signals An-Ai5 are coupled ^^^ ^^^ ^^^ ^^^^^ locations. 

to the input terminals of the NOR gate 84. The signal ^5 fhe logic circuit of FIG. 2 is also used along with the 

An is also coupled to an input terminal of the NAND z.register to provide a pointer during direct memory 

gate 85. access (DMA). Assume that direct access to the com- 

The outputs of the AND gates 87 and 88 (through puter's memory is required by a peripheral apparatus. 

NOR gate 89). controls the multiplexers 47j and 476. y^ initiate the DMA mode the CPU provides an ad- 

When the output of gate 89 is low the Z-bus is selected, 3^ ^^^^ between F800 and F8FF. Thr ough a log ic circuit 

otherwise the address signals from the CPU 65 are se- ^^^ illustrated in FIGS. 2 ani 3, the ROM SEL signal is 

lected. brought low for addresses between FOOD and FFFF. 

The logic circuit above-described, along with the j^^^ signal is communicate d to g ate 93 and causes the 

Z-bus and Z-register provide enhanced performance for output of gate 92 to rise (DMAl is high at this time), 

the computer. First, this circuit permits the zero page or 35 jjjjg rise in potential is communicated to one input of 

base page data to be stored throughout the RAM 60 *u^ gs.g 55. Additionally, gite 85 senses that the address 

rather than just on zero page. Secondly, this circuit bits Ag, A9 and A 10 are low This information is coupled 

enables addressing of alternate stack locations (other ^q g^te 85 through the inverter 82 and the NOR gate 83 

than page one). Lastly, this circuit through the Z-regis- ^ high signals. Also the fact that An is high is directly 

ter provides a RAM pointer for direct memory access 40 communicated to gate 85 Thus with the address be- 

(DMA). tween F800 and F8FF the DMA OK signal drops in 

Assume for purposes of discussion that the CPU 65 is potential. This is sensed by the p eripheral apparatus 
addressing the zero page of memory. That is, the higher which in turn causes the DMA 1 signal to drop and 
order address bits Ag-Ais are all zeros. The zeros for provides a ready signal to the CPU 65. With the com- 
A9-A15 are detected by the gates 83 and 84. If all the 45 pietion of this handshake, data may begin to be trans- 
inputs to these gates are zeros, the outputs of these gates ferred t o the R AM. 

are high which condition is communicated to the gate The D MA 1 signal t hrough gate 93 and inverter 93 

87. Ag which is also low, insures that the output of gate forces the T ROM SEL signal low. This signal in addi- 

81 will be high. Thus, all the inputs to gate 87 are high, tion to being communicated to the ROM 50, is coupled 

causing the signal at the output of the gate 89 to drop. 50 to the buffer 99 through gate 100, disabling this buffer 

When this occurs, the Z-bus is selected. Instead of all (during the reading of ROM 50). Also, the ready signal 

the binary zeros from the CPU being couried to the causes t he CPU to come to a hard stop. Importantly, the 

main memory (RAM 60), the contents of the Z-register DMAl signal, after passing through the inverter 94 and 

form part of the address for the memory. Therefore, the gates 88 and 89, assures the selection of the Z-regis- 

even though the CPU 65 has selected the zero page, 55 ter. The contents of the Z-register are fixed and provide 

nonetheless data may be written into or from any loca- a pointer to a page in the RAM. 

tion of RAM 60 (including the zero page). This en- Under the above conditions, the CPU mcrements the 

hances the performance of the CPU, since for example, lower 8-bits of the address signal. The ROM 50 fur- 

the time consumed in shifting data to and from a single nishes the instructions for mcrementmg the address, 

zero page is minimized. 60 specifically SBC #1 and BEQ. The penpheral appara- 

Normally, the CPU 65 selects page one for stack tus provides the data or receives the data m synchrom- 

locations. This occurs when Ag is high and A9-A15 are zation with the CPU operation. The peripheral also 

low. Assume first that the alternate stack locations have furnishes a read/write signal to indicate which opera- 

not been selected. Both inputs to gate 81 are high and its tion is to occur. Data is then written into RAM via-bus 

output is low. The low input to the gate 87 prevents the 65 N2 and bus 42, or read from RAM via the A and B buses 

selection of the Z-bus. Thus, for these conditions the and bus N2. ._„„„^^t 

address signals A0-A7 select stack locations on page Importantly, with the above DMA arrangement. 



one. 



addresses from the peripheral apparatus are not neces- 
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sary and the Z-registcr is used to provide a pointer to a devices in FIG. 6 are not illustrated. However, in the 

page in RAM 60. Jower right-hand corner of FIG. 6, the various signals 

applied to each device (including the address signals), 

MEMORY SUBSYSTEM along with the corresponding pin numbers are shown. 

The memory subsystem shown in FIG. 1 as the ad- 5 Other circuitry not illustrated is the refresh control 

dress control means 59 and RAM 60 is illustrated in circuitry which oper ates i n a w ell-known manner m 

detail in FIGS. 4. 5 and 6 as mentioned. In FIGS. 4 and conjunction with the CAS, RAS and address signals to 

5, the memory control means is shown, while in FIG. 6 refresh the dynamic devices. 

the memory devices and their organization are illus- Each row of memory devi ces 106 receives a unique 

trated The address control means of FIGS. 4 and 5 10 combination of CAS and RAS signals. For example, row 

receives the address signals from the CPU 65 (Aq-Ais). Ill receives CAS 5, Tand RAS 4, 5; similarly, row 112 

the count in the vertical and horizontal counters recei ves CAS z.nd RAS 0, 3. The generation of these 

(counter 58 of FIG. 1) which are used during display CAS and RAS signals is described in conjunction with 

modes, control signals from the CPU and other signals. FIG. 5. These signals (along wi h the 14-bit address 

In general, this control means develops the address 15 signals) permit the selection of a single 8-bit location in 

signals which are coupled to the RAM of FIG. 6 includ- the 96K byte memory (for writing) and also the selec- 

ing the column add ress a nd r ow a ddress signals, com- tion (for reading) of 16-bit locations, 

monly referred to as CAS and RAS. Other related func- The memory of FIG. 6 may be expanded to a 128K 

tions are also shown in FIGS. 4 and 5, such as the cir- byte memory by using 32K memory devices, such as 

cuitry which provides display scrolling, indirect RAM 20 Part No. 4132. In this case, four rows of eight, 32K 

addressing and memory mapping. mwnory devices are used with each row receiving two 

The CPU 65 of FIG. 3 provides a 16.bit address for CAS and RAS signals, 

addressing the memory. Under ordinary circumstances Before reviewing FIG. 4, a general understanding of 

this address limits the memory capacity to 64 K bytes. the organization of the display is helpful. Tlie display. 

This size memory is insufficient in many applications, as 25 during certain modes, is organized into 80 horizontal 

for example, to effectively use the Pascal program Ian- segments and 24 vertical segments for a total of 1920 

guage. As vWll be described in greater detail, the address blocks. 1 1-bits of the counter 58 of FIG. 1 are used as 

control means of FIGS. 4 and 5 enable the use of a part ofthe address signals for the memory to access data 

memory having a 96K byte or 128K byte capacity. One for displaying during these modes. These counter sig- 

well-known technique which is used with the present 30 nals are shown in FIG. 4 as H0-H5 and V0-V4. During 

invention for increasing this capacity is bank switching; other display modes each horizontal segment is further 

this switching occurs under the control ofthe CPU. In divided into 8 segments (e.g. for displaying 80 alpha 

addition, the address control means uses a unique indi- numeric characters per line). This requires 3 additional 

rect addressing mode which provides the benefits of vertical timing signals shown as V^, V^ and Vc m 

bank switching, however, this mode does not require 35 FIGS. 4 and 7. 

CPU control. This greatly enhances CPU operation Often in the prior art, two separate counters are used 

with the larger memory (as will be described) when to supply the timing/address signals for accessing a 

compared to"^the CPU controlled bank switching. memory when the data in the memory is displayed. The 

Referring first to FIG. 6, the RAM configuration is count in one counter represents the horizontal lines of 

illustrated for a capacity of 96K bytes. The memory is 40 the screen (vertical count) and the ether the position 

organized into six rows, each of which includes eight along each line, (horizontal or dot count). In many prior 

16K memory devices such as rows 111 and 112. In the art displays the most significant bit of the dot counter is 

presently preferred embodiment. Part No. 4116 MOS used to increment the line counter. Data in memory 

dynamic RAMs are used. (The pin designations and intended for display is mapped with a one-to-one corre- 

signal designations refer tc this memon/ device.) Obvi- 45 lation to the counts in these counters. In another pnor 

ously, other memory devices may be employed. art system (implemented in the Apple-II computer sold 

Input data to these memory devices 106 is provided by Apple Computer, Inc.) this one-to-one correlation is 

from the bus 42. Each line in the bun 42 is connected to not used. Rather, to conserve on circuitry, a single 

the data input terminal of one device 1C6 m each row. counter is employed and a more dispersed mapping is 

The interconnection of this bus with each of the mem- 50 used in the memory. (Note that where a maximum hori- 

ory devices is not shown in FIG. 6 in order not to over- zontal count of 80 is used, this number cannot be repre- 

complicate this drawing. By way of example, however, sented by all ones in a digital counter and thus the verti- 

line 107 connects the data bit D7 to the data input termi- cal counter cannot easily be incremented by the most 

nal of one of the memory devices in each of the six significant bit in the horizontal counter.) Since this 

rovvs. 55 more dispersed mapping technique is part of the prior 

Three rows of devices 106 have their output termi- art and not critical to an understanding of the present 
nals coupled to the A bus, and three rows are similariy invention, it shall not be described in detail. However, 
coupled to the B bus. By way of example, line 108 con- the manner in which it is implemented shall be discussed 
nects three output terminals of devices 106 to the DB7 in conjunction with the adder 114 of FIG. 4. For pur- 
line of the B bus while line 109 connects three output 60 poses of discussion, the signals from the counter 58 of 
terminals of the devices 106 to the DA7 lin*; of the A FIG. 1 are designated as either vertical (V) or horizon- 
bus. tal(H). 

The described memory devices 106 are each orga- Referring now to FIG. 4, the selection of either the 

nized as a 16KX1 memory. Thus, each device receives counter signals on the address signals from the CPU is 

a 14-bit address which is time multiplexed into two, 65 madeby the multiplexers 116, 117, 118 and 119. Each of 

7-bit addresse s. Th is multip lexing occurs under the these commercially available multiplexers (Part No. 

control of the CAS and RAS signals as is well-known. 153) couples one of four input lines to an output line. 

The lines coupling the address signals to each of the There are eight inputs to multiplexers 116, 117 and 118 
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and the outputs of these multiplexers provide the ad- 
dress signals for the memories (ARO through AR5). The 
multiplexer 119 has four inputs on its pins 3, 4, 5, 6 and 
provides a single output on pin 7, the AR6 address 
signal. (The signals supplied to pins 11, 12 and 13 of 5 
multiplexer 119 arc for clamping purposes only.) 

The AX signal is applied to the pin 14 of each of the 
multiplexers. The signal on this line and the signal ap- 
plied to pin 2, determines which of the four inputs is 
coupled to each of the outputs of the multiplexers. The 10 
AX signal is a RAM timing signal for clocking the first 
7 bits and second 7 bits of the multiplexed 14-bit address 
applied to each of the memory devices 106. The other 
control signal to the multiplexers is developed through 
the AND gate 123. The inputs to this gate are the dis- 15 
play signal (DSPLY) which indicates that the computer 
is in a display mode an d a cl ocking signal, specifically a 
I MHz timing signal (CIM). The output of the AND 
gate 123 determines whether the address signals from 
the CPU or the signals associated with the counter 58 of 20 
FIG. 1 are selected. 

Assume for purposes of discussion that the display 
has not been selected, and thus, the output of gate 123 is 
low. The AX signal then selects for pin 7 of multiplexer 
116 first the address signal Ao and then A6. Likewise, 25 
each of the multiplexers selects an address signal (ex- 
cept for those associated with exclusive OR gates 124 
and 125 which shall be discussed). If the display signal 
is high and an output is present from the gate 123, then, 
by wiy of example, the AX signal first causes the Hi 30 
signal and then the Vi signal to be connected to the 
ARl address line. Similarly, signals corresponding to 
the vertical and horizontal count are coupled to the 
other address lines during display modes. 

The adder 114 is an ordinary digital adder for adding 35 
two 4-bit digital nibbles and for providing a digital sum 
signal. A commercially available adder (Part No. 283) is 
employed. The carry-in terminal (pin 7) is grounded 
and no carry-outs occur since one of the inputs (pin 12) 
is grounded. The adder sums the digital signal corre- 40 
sponding to H3, H4 and H5 with the digital signal corre- 
sponding to V3, V4, V3, V4. The resultant sum signal is 
coupled to the multiplexers 116, 117 and 118 as illus- 
trated. The summing of these horizontal and vertical 
counter signals is used to provide the more dispersed 45 
mapping as previously discussed. 

The adder 121 is identical to adder 114 and is coupled 
to sum the three least significant vertical counter bits 
from the counter 58 (FIG. 2) with the signals VAl, VBl 
and VCl. The sum is selected by the multiplexer 120 50 
during the high resolution display modes and also dur- 
ing scrolling as will be described. These sum signals are 
coupled to the multiplexers 117, 118 and 119. During 
the low resolution display modes, the mul tiplex er 120 
couples ground signals or the page 2 signa l (PG2) to the 55 
multiplexers 117, 118 and 119. (The PG2 signal is used 
for special mapping purposes, not pertinent to the pres- 
ent invention.) During the high resolution modes when 
the display is not being scrolled, the VAl, VB2 and 
VB3 signals are at ground potential and thus no sum- 60 
ming occurs within adder 121 and the VA, VB and VC 
signals arc coupled directly to the multiplexers 117, 118 
and 119. 

The address signals A 10, An, and A 13 from the CPU 
arc coupled to the multiplexers 117, 118 and 119, re- 65 
spectively, through exclusive OR gates 124, 125, and 
126, respectively. The other input terminals to gates 124 
and 125 receive the C3 signal, while the other input 



terminal of the gate 126 receives the Ci signal. (The 
development of the C] and C3 signals is illustrated in 
FIG. 5.) The gates 124, 125 and 126 provide mapping 
compensation within the memory. As the computer and 
memory are presently implemented, the sequence in 
which the various portions of the display are generated 
is not the same as the sequence in which the data is 
removed from memory for display. These gates provide 
compensating addresses and, in effect, cause a remap- 
ping so that the proper sequence is maintained when 
data is read from the memory for the display. These 
gates are shown to provide a complete disclosure of the 
presently preferred embodiment, however, they are not 
critical to the present invention. 

In operation, the circuitry of FIG. 4, as mentioned, 
selects the address signals which are applied to each of 
the memory devices, either from the CPU or counter if 
the display mode is selected. It should be noted that not 
all of the address bits from the CPU are coupled to the 
multiplexers 116 through 119. Some of these address 
bits, as will be described in c onjun ction with FIG. 5, are 
used to develop the various CAS and RAS signals and 
thus select different rows within the memory of FIG. 6. 

The scrolling operation which is used is somewhat 
unusual in that each line of the display is separately 
moved up (line-by-line) with one line of data in memory 
being moved for each frame. This technique provides a 
uniform, esthetically pleasing, scroll. Scrolling the 
screen one line per frame can be achieved by moving all 
the data in the memory into a new position for each 
frame. This would be very time consuming and imprac- 
tical. With the described technique, only one-eighth of 
the data in the memory is moved for each new frame. 

Referring to the adder 121, as mentioned, the signals 
Vyf, V^ and Vc are the three least significant vertical 
counter bits from the counter 58. These bits or counts, 
by way of example, represent the 8 horizontal lines of 
each character. In adder 12, a 3-bit digital signal, VAl, 
VBl and VCl, is added to the count from counter 58. 
This 3-bit signal is constant during each frame, how- 
ever, it is incremented for each new frame. 

During a first frame, 000 is added to the vertical 
count. During a second frame, 001 is f.dded; and during 
a third frame 010 is added, and so on. By adding this 
digital signal to the count from counter 58, the ad- 
dresses to the memory are changed in the vertical sense. 
During the first frame when 000 is added, the display 
remains unaffected. During the next frame, when 001 is 
added to the vertical count, instead of first displaying 
the first line of a character, the second line of each 
character is displayed at the top of each character space 
and each subsequent line of the character is hkcwisc 
moved up one line. If data in memory is not moved, the 
first line of the character would appear at the bottom of 
each character. Note when 001 is added to 1 1 1 from the 
counter, 000 results. Thus, the first line of characters 
would be addressed when the beam is scanning the 
eighth line of characters. To prevent this, the data cor- 
responding to the first line of each character is moved in 
memory for this frame. The first line of one character is 
moved up and becomes the bottom line of the character 
directly above it. When 010 is added, the process is 
again repeated. For example, the third line of each char- 
acter is first displayed in each character space and the 
second line of each character is moved up to become 
the bottom line of the character directly above it. This 
process is repeated to scroll the data. The movement of 
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data in memory is controlled by the CPU in a well- 
known manner. 

Thus, through use of adder 121, an even, continuous 
scroll is obtained without moving all the data in mem- 
ory for each frame. Rather, only ith of the data is 
moved for each frame. 

Referring now to FIG. 5, the circuitry used to extend 
the addressing from the CPU is illustrated. In general, 
the CAS signa ls are generated by the ROMs 127 and 
128. The RAS signals are generated by the ROM 132. 
The multiplexer 130 allows the selection of either the 
bank switching signals, or the unique indirect address- 
ing mode when "bank switching'* occurs without direct 
commands from the CPU. 

The CAS ROM 127 receives as an address the fol- 
lowing signals: PRAS , <^3, PRAS 1,2. AY, DHIRES, 
R/'W, An, Ai3. Ai4, and A15. As the PRAS<^, 3 and 
PRAS 1, 2 represent the RAS signals being used. These 
signals arc high when the respective RAS signal is ac- 
tive. As previously mentioned, the AY signal is high for 
displfiy mcdes and the DHIRES signal is high for high 
resoluiion display modes. The CAS ROM 128 receives 
as address signals the ABKl, ABK2, and ABK3 signals 
and also DHIRES, AY. IND, An, A13, A14, and A15. 

The ROMS 127 and 128 are programmed to imple- 
ment the following equations. 



PCASO = (PRASO. 3 . (DHIRES • AY +AY.(AI5.A14 



(I) 



PCAS2 = (DHIRES AY + AY • ( ABKI • ABK2 • ABK3 



IND + ABKl . ABK2 • ABK3) • ( A15 • A14) + AY ■ IND 



ABKl . ABK2 • ABK3 • A13 .(A14 • A13 + A14 • A13)) 



(3) 



PCAS3 = (PRASO, 3 • (DHIRES • AY + AY - ( A15 • A14 

aTT- All + A15 . AI4 . aTT. ATr+ A15 • A14 • A!3))) 



PCAS4,6 = (AY . IND • ABK3 - A15 • (ABKl • ABK2 + 



(4) 



ABKl)- ABK2)(A14 AH -I- AI4- A13) + AY • IND • 



ABK3 •(ABK2 • ABKl AIS + ABK2 ABKl + ABK2 



ABKl • AIS) ■ A14 + AY • IND ■ ABKl • ABK2 • ABK3 
( AlT. "aIT. A13 + AIS . aTT. AU) + AY • IND • 



IS 



20 



25 



30 



A13 • All -R/WN + AIS • Ai4 • A13 • R/WN + AIS 



A14 . A13 + AIS • A14 • A13 • All))) 35 



(2) 



40 



45 



50 



55 



60 



12 



PCASS, 7, = (AY . IND • ABK3 • (ABKl • ABK2 + 



(5) 



ABKl . ABK2).(A1S • A14.AI3 + AIS- A14 



A13 ) + AY . IND . ABK3 - ( ABK2 • ABKl • AIS + 



10 



ABK2 . ABKl + ABK2 • ABKl • AIS) • A14 -»- AY 



IND . ABKI • ABK2 • ABK3 (AIS • A14) + AY • 
IND • ABK3 • ABK2 • ( AlT- ABKl + AIS • ABKl) • 

("aT4".AI3 + A14. aTT)) 

In effect these ROMs are programmed to allow selec- 
tion of predetermined rows in the memory, based on the 
address signals Aio, A 13, A 14 an d A is (ignoring for a 
moment the contribution of the RAS signals and the 
other signals appeari ng in the equations). 

The outputs of the CAS ROMs 127 and 128 are cou- 
pled to the register 131. Register 131 is a commercially 
available register which permits the enabling of output 
signals (Part No. 374). Du ring acc essing of the m emory 
the various CAS signals (CAS through CAS 7) are 
coupled to the memory of FIG. 6 to permit selection of 
the a ppro priate memory devices. Tlie signal USELB 
from CAS ROM 127 through register 131 selects either 
the A bus or B bus. This signal is coupled to the multi- 
plexers 43a and 43^ of FIG. 3. 

During normal operation, the multiplexer 130 selects 
the bank switching signals BCKSW 1 through BCKSW 
4. These four signals (or alternatively four signals from 
the A bus) provide four of the inputs (address signals) to 
the ROM 132. The other inputs to this ROM are the 
DHIRES. Z PAGE, PAS, PAIS, RFSH (refresh), and 
AY signals. These address signals select the RAS 0, 3; 
RAS 1, 2; RAS 4, 5 and RAS 6, 7 signals. The ROM 132 
is programmed to implement the following four equa- 
tions- 



(6) 



PRASO. 3 = AY • (DHIRES + RFSH) + (ABK4 • (Z Page 

PaT)) + ABKI . ABK2 • ABK3) • AY 

(7) 



PRASI, ?. = AY . (DHIRES + RFSH) + AY • ( ABKl 



ABK2 • ABKi . (ABK4 . (ZPAGE • PAS)- PAIS) + ABKl 



ABK2 • ABK3) + AY • ABK3 • ( ABKl • ABK2 ■ ABK4 • 
(ZPAGE . PaT) • PAIS + ABKl • ABK2 ■ (ABK4 • 

(ZPAGE . PA8) • PaTS) 



ABK3 . ABK2 • AIS • ABKl + AIS • ABKl ABKl ) • ( A14 • ^5 PRAS4. 5 = RFSH • AY + AY • ABK2 



(8) 



A13 + A14. A13)) 



ABK3 (ABKl • ABK4 • (ZPAGE • PAS) 
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. line 154 rises in potential, causing the multiplexer to 

•continued switch back to the bank switching signals. 

PA15 + ABKI • (ABK4 • (ZPAGE ' PAS ) • PAIS) ElTeciively, what occurs is that when the CPU selects 

this special address range, (and provided DA7 is high) 

5 the bits DAO through DA3 which are stored in mem- 

^.,, ..«^. W ory, cause a remapping, that is, the address from the 

PRAS6, 7 = RFSH . AY + AY . ABK3 -(ABKI - J^ ^^^^^ ^ ^.PPJ, p^^ ^^^^^ ^^^^^ ^j,^ ,^^ 

fetching of each OP code, the mapping automatically 

ABK2 . ABK4 • (ZPAGE • PA8) • PA15 + ABKI • ^^^^^^^ ^^ ^^^ ^^^^ switching signals. Importantly, the 

10 remapping, which occurs is controlled by the bits stored 

ABK2.(ABK4. (ZPAGE. PA8).PA15) -^ ^^^ j^j^ ^j^^^ through DA3). ThuS, with the 

, , , . , , .. remapping information stored in RAM, toggMng can 

Thus, the bank switchmg signals (along with the other ^^^^^ between difFerent portions of the memory with- 

input signals to ROM 132) select p^termined rows m ^^^ requiring bank switching signals, or the like from 
memory m conjunction with the CAS signals. ,5 ^^^ ^p^ ^.^ enhances the CPU's performance since 

thr^ugh^r^ATolallul^^^^ CPU jime is not used for remapping. Additionally, it 

memory. The other input terminals of these gates re- P^oj^dcs an easy tool for prograrnming. 

ceive the RAS timing signal. In this manner, the output For some program languages it is desirable to sepa- 
signals of the ROM 132 are clocked through the gates ,q ^te data and the program mto separate portions of tlie 

142 through 145 to provide the RAS signals shown in memory. For example, the 128K memory can be di- 

FIGS 5 and 6 vided into two 64K memories, one for program and one 

An important feature to the presently described com- for data. Switching can occur between these memory 
puter is provided by the circuitry shown within the portions without the generation of bank switching sig- 
dotted line 146. The AND gate 148 receives, at its input nals by the CPU with the above described circuit. This 
terminals, the DA7, A 12, and C3 signals. The NOR gate arrangement is particularly useful when using the Pas- 
149 receives the zero page and A15 signal. The output of cal program language, 
gate 149 provides one input to the gate 148 and also one rMcor a v ci trcvcxpm 
input to the AND gate 150. The output of gate 148 DISPLAY SUBSYSTEM 
provides another input signal to gate 150 and this signal The display subsystem 48 of FIG. 1 receives data 
(line 153) is one of the two control signals coupled to from the A bus and B bus and converts the data into 
the multiplexer 130. The AND gates 150 and 151 also video signals which may be used for displaying alpha- 
receive a SYNC signal and the 4>o signal. The output of numeric characters or other images on a standard raster 
the gates 150 and 151 are coupled to a NOR gate 152 scanned cathode ray tube display. The display subsys- 
with the output of the gate 1-52 (line 154) coupled to the (g„^ 43 specifically generates on line 197, a standard 
other control terminal of the multiplexer 130. NTSC color video signal and a video black and white 

The gates 150, 151 and 152 effectively form a clock ^j^^q ^^^^^^ ^j, jj^e 193 (piQ. g). This display subsys- 

for multiplexer/register 130 (multiplexer 130 is a com- ^^^^ j„ addition to other inputs, receives a synchroniza- 

mercial part. Part No. 399, which effectively is a regis- ^j^^^ ^jg^^^j^ ^^^ several clocking signals. For- sake of 

ter/multiplexer). This selects the lower four input lines simplicity, the standard color reference signal of 

to the multiplexer 130. However, because of the syn- 3.579545 MHz is shown as C3.5M. Twice this fre- 

chronization signal applied to gate 151, the multiplexer qugncy and four times this frequency are shown as C7 

130 selects the bank switching signals each time an OP ^ ^^^ C14M, respectively, 

code is fetched by the CPU. ^ ^ . . . Before describing the details of the display subsystem 

To understand the operation of the circuit shown ^ ^ discussion of a prior art display system will be 

within the dotted line 146 it should be recalled that the ^,^^^ -^ understanding the present display subsystem, 

memory of FIG. 6 provides a 16.bit output As men- j^ ^ g p^^ ^^ 4,136,359, a video display system is 

tioned, during certain display modes, 16-bits/insec. are ^g^^^bed which is implemented in a commercially 

needed for display purposes, n nondisplay modes, only computer, Apple-II, sold by Apple Computer, 
8.bus are required, particularly for m^^^^^^^^^ 50 Inc., of Cupertino. Calif. In this system, 4-bit digiul 

CPU When the memory is addre^d by the CPU dur^ 50 . P- ^ ^^^^^^^ .^^^ ^ ^^^^ ^ ^^ 

mg the mdirectaddre^mg modes the data on the A bus P ^^ .^ ^^^ ^^^^ ^^^^^ ^^ j^ j^Hz 

IS not ordinarily used. However, "^^^J^^J^^^^ to define a waveform having components at 3.5 MHz. 

shown withm the dotted line 146, this otherwise un- ^ ^^^^ ^^^^ ^^^ ^-^^ 

used- data IS put to use to provide the equivalent of the ^^^J^j is placed in the shift register and circulated 

"w^er^rrP^^S^^^^^^^^ of at a rate of iJMHz^The ^^^a^sig^^^^^^^^ 

addresses, the multiplexer 130 selects the equivalent of component of 15 MHz is shown on line 206. T^e phase 

the bank switching signals from the A bus provided ^^^^^f "^^^P^.^^^^!;?°^P^"^"A °'^' 

DA7 is high. (This occurs when addressing as zero page «gnal ^^^'^'^'!;^'\^^^'''f'\'^^^^^ 
the addr^ space -1800 through IFFF.) Once the 60 TTiis relationship is changed by changing the 4-bitw^^^^ 

signal on line 153 is high it is latched through gates 150, placed m the shift register. As explained m the aboven 

151 and 152 causing the multiplexer 130 to select the referenced patent, if the signal 1000 is placed m the 

four bits from the A bus (assuming the timing signals are register and circulated, the resultant phase relationship 

high). Even if the next reference from the CPU is not to of the 3.5 MHz component results m the color brown, 
this special address range, the multiplexer 130 nonethe- 65 this signal is shown on line 208. With this pnor art 

less remains latched with the four bits from the data bus. technique, the lummance was determmed by the DC 

Once the SYN pulse drops, however, which is an indi- component of the signals such as shown on lines 206 and 

cation that an OP code is being fetched, the signal on 208. 
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The display subsystem 48 of FIG. 1 also uses 4-bit transferred at the 2 MHz rate, and in other display 

words to eenerate the various color signals in a manner modes, at a 1 MHz rate. 

^mew Imt s^^^^^^^^ system. Refer- The registers 158 and 159 are coupled to an S hne 

Z to F G 8 1^ words representative of colors (16 display bus 160. This display bus transfers data to regis- 

^ibl colors) are coupled to the bus 180 (Tne genera- 5 ters 164 and m and also addresses to a memory ^^^^^^^ 

t^of these words shall be described in detail in con- The registers 164 and 173 and memory 162 are enabled 

^ctiL^^th FIG 7.) Instead of using a shift register during specific display modes as will be apparent 

Xrci^cuhites the Vbit word, the same result is The character memory 162, in the presently preferred 

Which circulates "^e ^°" J^""*' seauentiallv embodiment, is a random-access memory which stores 

achieved by a.ing a multiple^ ^^^^^^^ representative of alpha-numeric charactei^. 

selects each of the lines of the bus 180. The signals on ^ f computer is powered up, the character 

bus 180 also provide a luminance signal and a black and ^^j^J^^^^^^ ^^^3^^^,^ ff^^ ,he ROM 50 into the 

white video signal with a gray scale. ,,. , , char-^. ter memory 162 during an initialization period. 

The 4 lines of the bus 180 are coupled to multjpk^^^^ Dunng chTracte^display modes, the signals from the 

205; this multiplexer also receives the C7M and the 8 are addresses, identifying particular 

C3M/ timing signals (again. Commercial Part No. 1351S ^j P J^^^^^c characters stored within the character 

used with the pm connections shown m FIG. 8). These ^"^ ^^ ^he vertical counter signals V^, V^ and 

two timing signals cause each of the four !»"« tojje y ^ eviously discussed in conjunction with adder 121 

sequentially selected and coupled to line 191. (Note that ^^ ^J-^ ^^ .^^^^.^^ ^^^ particular line in each character 

the order in which each of the lines of the bus 180 is ^^ ^^^^^ .^ ^^ ^ displayed. Thus, the generation of the 

selected does not change.) digital signals representative of each of the characters 

In effect, the multiplexer operates to penalize the occurs in an ordinary manner. The 7-bit signal represen- 

parallel signal from bus 180. Assume for sake of expla- ^^^.^^ of each line of each character (memory output) is 

nation that the digital signals on bus 180 are 1000 as coupled to the shift register 167. Through timing signals 

indicated in FIG. 8. The signal on line 191 will then be ^^ ^^^ shown, either the register 164 or the character mem- 

10001000 The output of the multiplexer 205 cou- ^^ ^^^ is selected to allow the shift register 167 to 

pled to the input of the inverter 204 also receives in a receive either data directly from the A bus or B bus, or 

sequential order, the signals from bus 180, however, in alpha-numeric character information from the memory 

a different order. For the example shown, the input to j^j. 

inverter 204 is 00 1000 10 .... After inversion, this results ^q ^^ -jj^^^^ qJ- information from either memory 162 or 

in the signal 1 101 1 101 ... on line 192. Effectively, the register 164 are serialized by the shift register 167 either 

signals on lines 191 and 192 are added by resistors 199 ^^ ^ 7 ^^^ rate or 14 MHz rate, depending upon the 

and 200. The resultant waveform is an AC signal (no display mode. The serialized data is coupled by line 185 

DC component) shown in FIG. 9 on line 209. Thus, jq jj^g multiplexer 169, pins 1 and 4. The inverse of this 

with the described circuit, a chroma signal is generated, 35 jjata is also coupled to multiplexer 169, pin 3. Line. 185 

having a predetermined phase relationship to the S-5 jg ^ijo coupled as one input to the multiplexer 166 and to 

MHz color reference signal. This phase relationship j^e register 170 (input 1). 

which is varied by changing the signals on bus 180 j^e output 1 of register 170 (line 186) is coupled to 

determines the color of the video signal on line 197. x\it multiplexer 169, pin 1; to register 170 (input 2); and 

In the prior art display discussed above, the DC com- 40 to multiplexer 166. Output 2 of register 170 (line 187) is 

ponent of the color signal determines the luminance. In coupled to input 3 of register 170 and also to multiplexer 

the present invention, the signals on bus 180 are coupled 155. Output 3 of register 170 (line 187) provides a third 

to the base of transistor 195, consists of an AC signal input to the multiplexer 166. Input 4 of the register 170 

from resistors 199 and 200, and the luminance level also receives the output of the multiplexer 169 (line 189). 

determined by the signals on bus 180 . These inputs to 45 Output 4 of register 120 (line 190) provides one control 

transistor 195, along with the C3.5M signal, generate a signal for the multiplexer 171. 

NTSC color signal on line 197 of improved quality The multiplexer 171 selects either the four lines of bus 

when compared to the discussed prior art system. 183 or the four lines of bus 184. The output of multi- 

In some cases, the signals on bus 180 are all binary piexer 171, bus 180, provides the 4-bit signal discussed 

ones or all binary zeros. When this occurs, there is no 50 in conjunction with FIG. 8. During one of the high 

AC component from resii:tors 199 and 200 (no color resolution display modes (AHIRES), the multiplexer 

signal) and the resultant signal on line 197 is either 171 is controlled by a timing signal from the output of 

"black" or "white". the gate 178. 

The lines of bus 180 are also coupled through resis- The multiplexer 166 selects either the lines of bus 181 

tors to the base of a transistor 196. Each of these resis- 55 or bus 182. The output of this multiplexer provides the 

tors have a different value to provide a "weighting" to signals for the bus 184. In all but the AHIRES display 

the binary signal. This weighting is used for non-color mode, multiplexer 166 selects bus 181. Thus, typically, 

displays to orovide "gray" shades as opposed to having the multiplexer 171 receives the signals from bus 174. 

a display with only black and white. The binary signals For purposes of description above, and also for pur- 

on bus 180 drive the transistor 196 to provide a video 60 posesofexplainingforsomeof the display modes below 

signal on line 198. RGB is generated with weighted a simplifying assumption has been made. The signals 

sums of these same five signals. coupled to the bus 180 by multiplexer 171, for most 

Referring now to FIG. 7, data from memory is cou- modes, are controlled by the senalized signal on line 

pled from the A bus and B bus to registers 159 and 158, 190. This serialized signal is in sychronization with the 

respectively. These registers are clocked by the 1 MHz 65 C7M or C14M clocking signals. The multiplexer 205 of 

clocking signal and its complement, thus permitting the FIG. 8, which as described above, does the spinning 

sequential transfer of 8-bit words every 0.5 msec. As for the parallel digital signal on bus 180. operates m 

will be described, in some display modes the data is sychronization with the multiplexer 171. In the descnp- 
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tion above, and except when otherwise noted below, it 
is assumed that, by way of example, if the multiplexer 
171 is coupling all binary ones and zeros onto bus 180, 
the signal on line 191 will be either ones or zeros. Also 
for this condition the signal on line 192 will be all binary 5 
zeros or ones, and thus, no AC signal is generated at the 
base of transistor 195. However, as actually imple- 
mented, there is a "phase" difference between the 
clocking of the multiplexer 171 when compared to the 
sampling of the signals from bus 180 by the multiplexer 10 
205. This results in a first constant AC signal on the gate 
of transistor 195 even when it appears that all binary 
ones are on bus 180, and a second constant AC signal 
when all binary zeros are on the bus 180. Thus, in this 
specification, when it states that "black" or "white" 
signals are being generated, instead, as currently imple- 
mented, two constant colors are generated on a color 
display. Where a true black and white is desired, color 
suppression is introduced such as through the color 
burst signal. 

The circuit of FIG. 7. along with the circuit of FIG. 
8, provides the capability for several distinct display 
modes. The first of these modes provides a display con- 
sisting of 40 characters (or spaces) per horizontal line. 



identification (address for RAM 162), is furnished on 
the A bus to register 159 at a frequency of 1 MHz. The 
color information (background color and foreground 
color) is furnished on the B bus as two 4-bit words to 
register 158. In the manner previously described, the 
address from register 159 selects the appropriate char- 
acter from memory 162 and provides this information to 
shift register 167. The color information from the B bus 
is transferred to register 173. For purposes" of explana- 
tion, assume that the 4-bits identifying the color red for 
the background are on bus 184 (from register 173 and 
multiplexer 166) and that 4-bits representing the color 
blue for the foreground are on bus 183. (Note that when 
register 173 is enabled, the signals from the register 

15 override the binary ones and zeros which otherwise 
appear on the lines of bus 174.) The serial binary signal 
representative of the character itself on line 190, selects 
either the color blue from bus 183 for the character 
itself or the color red from bus 184 for the background. 

20 The digital signals representative of these colors are 
transferred to bus 180 and provide the color data to the 
circuit of FIG. 8. For black and white displays, a 
"gray" scale is provided through the weighting circuit 
associated with transistor 196 of FIG. 8. Again, the 



This requires a data rate of 8-bits/MHz or half the data 25 multiplexer 169 may, through the tin ing means 172, 



rate the memory is capable of delivering. In this mode, 
data is loaded from the A bus during every other 0.5ft 
sec period. (B bus is not used during this mode.) This 
data addresses the character memory 162, and along 
with the signals V^, V^and Vc, provides the appropri- 
ate character line (7-bits) to the shift register 167. Dur- 
ing this mode, registers 164 and 173 are disabled. The 
shift register 167 for this m ode shifts the data at a data 
rate of 7 MHz (note CH80 is high, allowing the 7 MHz 



alternate between the signal of line 185 and its inverse, 
which will have the effect of interchanging the fore- 
ground and background colors. 
During the high resolution graphics modes, the char- 
30 acter memory 162 is not used, but rather, data from the 
memory directly provides pattern information for dis- 
play. This requires more mapping of data from within 
the main memory since new data is required for each 
line of the display. (Note that when characters are dis- 



signal from gate 175 to control the shift register 167). 35 played, the character memory 162 provides the differ- 



ent signals required for the 8 lines of each character 
row. During these high resolution modes, the register 
164 is enabled and the character memory 162 is dis- 
abled. Thus, the data from the A bus and B bus is shifted 
40 into the shift register 167. In these modes, the "HRES" 
signal to multiplexer 169 causes this multiplexer to se- 
lect between pins 1 and 2. Pin 2 provides the signal 
directly from the sh'ft register 167 while the signal on 
pin 1 is effectively the signal on line 185 delayed by one 
bliri8l*Thus7theserii binary signal on line 190 pr^J)- 45 period of the C14M signal. This delay occurs through 
vides either all binary ones or all binary zeros to bus the register 170 from input 2 to output 2 smce register 
180. As discussed the circuit of FIG. 8 will provide a 170 is clocked at C14M. 

black and white display with 40 characters per line. During a first graphics mode, data from the display 

If the inverse and flashing timing means 172 is se- bus 160 is loaded into shift register 167 at the rate of 

lected, each time the shift register 167 is loaded, multi- 50 7-bits/MHz. The data is serialized on hne 185 and m the 

plexer 169 shifts between pins 3 and 4. This causes the manner previously described for displaying characters. 



Each 7-bit signal is shifted serially onto line 185 and 
then to line 189 since multiplexer 169 selects pin 4. The 
data is shifted through the register 170 onto line 190. 
The serial binary signal on line 190 causes the selection 
of buses 183 or 184 

The four lines of bus 183 during this mode are cou- 
pled to +V (register 173 is disabled); therefore the 
selection of bus 184 provides four binary ones. The 
selection of bus 184 provides four binary zeros through 



characters to change from white characters on a black 
background to black characters on a white background, 
and so on. 

During the 80 character per line display mode, the 55 
registers 158 and 159 are each loaded during sequential 
0.5p sec periods (this utilizes the 2 MHz cycle rate 
previously discussed). The shift register 167 shifts the 
character data from memory 162 at a 14 MHz rate. The 



controls the selection of all binary ones and all binary 
zeros through the multiplexer 171. Note, as mentioned 
before, in the presently preferred embodiment, unless 
color suppression is used, this will not result in a black 
and white display, but rather a tv/o-color display. If a 
high bit is present on line 140 of the display bus, the 
inverse and flashing timing means 172 causes the multi- 
plexer 169 to alternate between pins 1 and 2. This 



serialized data at the M MHz rate is shifted through the 60 switching occurs at a 1 MHz rate and provides a phase 



register 170 and again controls the multiplexer 171 as 
previously described. (Note that register 170 is always 
clocked at the 14 MHz rate.) Flashing again can be 
obtained as previously discussed. 

In another alpha-numeric character display mode, the 65 
background of each character may be in one color and 
the character itself (foreground) in another color. This 
mode provides 40 characters per line. The character 



shift for every other 7-bits of data coupled to the multi- 
plexer 171 on line 190. This results in an additional color 
being generated on the display for every other 7-bits of 
data. 

For the above-described graphics modes when shift 
register 161 is shifting at a 7 MHz rate, 8-bits may be 
coupled to the bus 160 during each period. Specifically, 
as in the case of the differing background and forc- 
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ground colors for the 40 character per line display 
mode, two 4-bit color words are shifted into register 173 
at a rate of 1 MHz. Then, the multiplexer 171 selects 
between two predetermined colors on buses 183 and 
184. Note these colors can be changed at a 1 MHz rate. 
In an additional color mode identified as "AHIRES", 
multiplexer 171 operates under the control of gates 176, 
177 and 178. In effect, multiplexer 171 selects bus 184 
and latches the signals on this bus every four cycles of 
the C14M clock. Data is shifted into the shift register 
167 from the A bus and B bus every 0.5pi sec the register 
167 operates under the control of the C14M signal. 
Each dau bit on line 185 is shifted first to line 186, then 
to line 187 and finally to line 188. These lines are cou- 



10 



termined frequency so as to provide frequency 

components at said frequency f; 
converting means, coupled to said serializing means 

for converting outputs from said serializing means 

to an AC signal; 
whereby a video chroma signal is generated. 

2. The circuit defined by claim 1 including additional 
circuit means coupled to said digital word generation 
means for providing a DC luminance signal. 

3. The circuit defined by claim 1 wherein said digital 
words are coupled to a resistive weighting network for 
providing a gray scale video signal. 

4. The circuit defined by claim 1 wherein said digital 
words are 4-bit words and w'.erein said predetermined 



pled to the multiplexer 171 through multiplexer 166 15 frequency is equal to 4f. 

which selects bus 182 since AHIRES is high. In effect, 5. The circuit defined by claim 4 wherein said senaliz- 

what occurs is that 4-bit color words are serialized onto ing means comprises a multiplexer which is controlled 

line 185 and then brought back into parallel on bus 182. in sychronization with said frequency f. 

Since multiplexer 171 latches the signals on bus 184 6. The circuit defined by claim 5 wherein said con- 

every four cycles of the C14M signal, a new color word 20 verting means includes an inverter coupled to an output 

is generated at a 3.5 MHz rate on the bus 180. The of said multiplexer. 

resultant display is 140 by 192 colored blocks wherein 

each block can be any one of 16 colors. 

In the last display mode, typically used with color 
suppression, data is shifted into the shift register 167 25 
from the display bus at the rate of 14-bits/MHz. The 
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data IS serialized onto line 185 and controls the selection 
of either all binary ones or all zeros through multiplexer 
171. This provides the highest resolution graphics dis- 
play for the system. 

Thus, a microcomputer with video display capability 
has been described. The computer is fabricated from 
commercially available parts and provides high utiliza- 
tion of these parts. Numerous existing programs includ- 
ing many of those which operate on the Apple-II com- 
puter, may be employed in the above-described com- 
puter. 

I claim: 

1. In a digitally controlled, raster scanned, video 
display for use with a microcomputer, or the like, which 40 
display provides color images in response to chroma 
signals having predetermined phase relationships to a 
reference signal of frequency (f), a circuit for providing 
a digitally controlled chroma signal comprising: 

digital word generation means for generating prede- 
termined digital signals; 

serializing means coupled to said generation means 
for repeating said word in a serial form at a prede- 
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7. The circuit defined by claim 6 including additional 
circuit means coupled to said digital word generation 
means for providing a DC luminance signal. 

8. The circuit defined by claim 1 wherein said digital 
word generation means comprises: 

a source of digital data for controlling said display; 

a first register coupled to receive data from said 
source of data; 

a multiplexer for selecting between two buses, the 
output of said multiplexer coupled to said serializ- 
ing means, said buses coupled to said first register, 

a shift register coupled to receive data from said 
source of data, said shift register providing a serial- 
ized digital signal for controlling said multiplexer. 

9. The circuit defined by claim 8 including a charac- 
ter memory for storing data representative of alpha 
numeric characters, said memory coupled to receive 
address from said source of data, the output of said 
memory coupled to said shift register. 

10. Tne circuit defined by claim 9 wherein when said 
first register is disabled, one of said two buses is 
clamped to provide all binary ones, and the other of said 
buses provides all binary zeros. 

11. The circuit defined by claim 10 wherein said shift 
register is controlled by a plurality of clocking signals, 
all of which are synchronized with said frequency f. 

« • • « • 
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